Introduction
The economic and financial crisis of 2008/2009 brought wider awareness that financial integration bundles considerable non-negligible costs with the much-touted benefits. Assessment of the costs and benefits of financial integration dates back the work of Agénor (2003), who proposes that the benefits of financial integration outweigh the costs when mechanisms for maintaining financial stability are in place. (Examples of these mechanisms are discussed in Agénor et al., 2011) . When these mechanisms are overlooked, however, the costs of financial integration generated by a crisis can be considerable. Therefore, monitoring the degree of financial integration is useful in both good times, when the longrun benefits of economic growth are realized, and in bad times, when the costs of financial integration (e.g. through contagion) are manifest. Even leading policymakers now note the importance of assessing financial integration in both normal and crisis times (e.g. Trichet, 2010 Trichet, , 2008 Trichet, , 2007 Papademos 2010 Papademos , 2008a Papademos , 2008b and Yam 2006) .
While this topic is vast, the objectives of our study are modest. Acknowledging the importance of assessing the cost-benefit aspects of financial integration and the effects expressed in various crises, we focus on quantifying the degree of stock market integration for China, Russia, and key world markets, as well as the time dynamics of this integration over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . Stock markets continue to grow in size, yet these linkages represent an increasingly important, but mostly ignored, aspect of the financial system.
There is no consensus in the literature on the extent of stock market integration of China and Russia with world markets. In the view of some scholars (e.g. Groenewold et al., 2004; Li, 2007; and Koźluk, 2008) , Chinese stock markets move largely independently from global movements, while Russian stock markets shown evidence of rising integration with global (particularly EU) stock markets (Koźluk, 2008) . Other studies reach an opposite conclusion, i.e. Chinese stock markets continue to integrate with the global financial system, while the Russian stock market remains isolated. Chow et al. (2011) argue that China's stock market has become "more and more integrated" into the world market. Rizavi et al. (2011) report stock market integration has deepened among China its Asian neighbors. The claim of Verchenko (2000) that the Russian stock market is not integrated with the stock markets of neighboring countries is backed by the assessment of Tirkkonen (2008) on a set of benchmark countries made up of the US, China, Japan, and several EU countries.
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To help fill in the gap in the existing literature, we focus on China and Russia to examine stock market integration among these two countries, as well as their integration with global benchmarks including the US, the euro area, and Japan. Deepening of trade, economic and financial Chinese-Russian ties raises questions as to the extent the two countries' stock markets are interrelated, as well as how these links have evolved over time in absolute terms and relative to world stock markets. As we discuss in the literature review, there is substantial empirical evidence on Chinese and Russian stock markets, but few studies that compare links between the two countries' stock markets, and even fewer works that present disaggregate evidence from sectoral or regional perspectives. Indeed, to our knowledge, there is no study on Chinese and Russian stock market links based on sectoral data. This study also is novel in its examination of stock market integration of China and
Russia over time at both national and sectoral levels, and in quantifying the impact of the 2008/2009 crisis.
According to Baele et al. (2004) , financial integration, particularly stock market integration, can be assessed using three types of measures: (1) price-based, (2) news-based, and (3) quantity-based measures. The first class of measures could be viewed as a direct check of the law of one price on the condition that the compared assets have similar characteristics. The second class of measures makes possible identification of existing market imperfections such as frictions and barriers; in the integrated area, new information of a local character should have less impact on particular assets than global news. The third class of measures quantifies the effects of legal and other non-price frictions and barriers from both the supply and demand sides of the investment decision-taking process. We focus on the first dimension, the price-based indicators of stock market integration. They can be operationalized and the required stock market data are available, opening possibilities for cross-country comparisons. Price-based measures can also be quantified by means of beta-and sigma-convergence. As applied to stock markets, beta-convergence characterizes the speed at which differences in stock market returns between individual markets are eliminated, while sigma-convergence captures the dispersion of return differentials and its change over time. The structure of the paper is as follows. Section 2 discusses the relevant literature focusing on the integration of stock markets generally and studies that deal mainly with the Chinese and Russian stock markets. Section 3 provides stylized facts on the development of the Chinese and Russian stock markets at the national and sectoral levels. The fourth section provides a discussion of the theoretical approaches to estimating stock market integration.
Section 5 gives an empirical evaluation of stock market integration and compares our findings with previous results in the literature. The last section concludes.
Literature review
This section provides an overview of the general studies on stock market integration and some specific works on China and Russia. 1 A variety of alternative techniques is used, ranging from beta-and sigma-convergence of stock market returns to cointegration analysis of stock prices, variance decomposition, and conditional correlations of returns.
With regard to Western Europe, an analysis of capital market integration on national levels is reported by the European Commission (1997) and Hartmann et al. (2003) ; examples of national-and sectoral-level analysis are studies by Baca et al. (2000) and Heston and Rouwenhorst (1995) . Portes and Rey (2005) employ the gravity equation framework to describe the determinants of cross-border equity flows.
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A new feature -change of integration over time -is introduced by Bekaert and Harvey (1995) , who construct a time-varying measure of financial integration. Their results show that world capital markets overall are becoming increasingly integrated, but that delinkage is also occurring for some individual countries. Applying an alternative timevarying approach, Ayuso and Blanco (2000) find that financial market integration between the stock markets of the euro area countries increased during the 1990s. Bekaert et al. (2000) also find that the degree of integration among emerging equity markets is higher than earlier thought when structural breaks in the series are taken into account. Hardouvelis et al. (2006) , for example, examine the impact of the introduction of the euro on capital markets. The degree of integration is found to have increased with the formation of the European Monetary Union (EMU), particularly since 1995. In contrast, Ekinci et al. (2007) report evidence of a low degree of capital market integration among the mature EU members relative to both their theoretical prediction and judged against the US. Berger and Pozzi (2011) revisit time-varying integration of stock markets among the US, Japan and selected European countries in 1970-2010, deriving the country-specific risk premia upon a capital asset pricing model and a GARCH-type estimation technique. They find evidence of rising stock market integration among all countries, except Japan.
A number of studies evaluate the extent of stock market integration in non-OECD countries. Applying the co-integration approach, Azman-Saini et al. (2002) find limited evidence of long-run relationships among five Asian equity markets. Yang et al. (2003) present further evidence on co-movements among ten Asian emerging stock markets and in relation to the US and Japan. They distinguish long-and short-run linkages, and explicitly control for the Asian financial crisis of 1997-1998. The degree of integration among the Asian countries is found to increase for the post-Asian-crisis period. Phylaktis and Ravazzolo (2002) simultaneously examine financial and economic linkages for the Pacific Basin countries. They find financial that integration occurs along with economic integration. This observation has particular relevance for China and Russia as they strengthen economic ties between themselves and with the rest of the world. There is no co-integration for daily and mid-week data, but evidence of cointegration between the Chinese Shanghai A-share market and the European S&P500. Groenweold et al. (2004) and Li (2007) point out the relative isolation of Chinese stock markets from world markets. Koźluk (2008) concludes that Chinese stock markets are "almost completely separated from global affairs," but "strongly inter-related" themselves.
More recently, Chow et al. (2011) 
Application to Russia
Evidence on integration of Russian stock markets with other countries' stock markets is mixed. Studies of Russian stock markets can be broken into three groups:
1. Russian stock markets extensively interconnected with global (particularly European) stock markets, 2. Russian stock markets are isolated, and 3. There are one-way spillovers from or into Russian stock markets.
Koźluk (2008) Using correlation and cointegration analysis, Verchenko (2000) , in contrast, finds no interconnection between stock market returns in Russia and nine neighboring transition economies. Similarly, employing VAR and cointegration methods, Tirkkonen (2008) argues that Russian stock markets are relatively isolated from the global markets such as the US, China, Japan, UK, Germany, as well as nearby Poland and the Czech Republic.
One-way stock market spillovers, from Russia to the Central and Eastern European countries, are found by Jochum et al. (1999) by means of variance decomposition.
However, this result is obtained in relation to the effects of the Russian crisis of 1998, which is not surprising. Employing a rolling regression analysis, Anatolyev (2008) finds evidence for rising spillovers from the US stock markets, and also from European stock markets when considering a larger set of countries (Anatolyev, 2005) to the Russian stock market in 1995-2004. There is no robust indication for rising bilateral stock market integration, however, at either regional or sectoral levels.
3 Development of Chinese and Russian stock markets:
stylized facts National stock market indices Table 1 provides information on the national stock market indices used in our study. Daily stock market indices for the period September 1995 to October 2010 were downloaded from Thomson Reuters and converted to weekly averages. The weekly indices were then expressed in USD equivalents to account for nominal exchange rate changes and rescaled using the first observation of 2007 as the 100 value. Figure 1 illustrates the resulting stock exchange indices for China and Russia compared with our three benchmark countries: the United States, the euro area, and Japan. Asian crisis. This will be formally tested in our analysis. Moreover, the dynamics of returns (and indices) among the United States, euro area and Japan are more similar than with respect to either China or Russia, which implicitly gives an indication of higher stock market integration among our three benchmark countries. Table 2 describes data sources of the sectoral stock market indices used in our analysis.
Sectoral stock market indices
The index trends relative to the US, euro area and Japan during 1995-2010 are presented in 
Approaches to measuring stock market integration
We explore a price-based approach to measuring financial integration that involves estimating beta-and sigma-convergence as advocated by Adam et al. (2002) and elaborated in Babecký et al. (2010) . The terms beta-convergence and sigma-convergence originate from the literature on dynamics of economic growth (e.g. Sala-i-Martin, 1992, 1995) .
As discussed in Adam et al. (2002) , any proper measure of financial integration of stock markets should account for asset pricing, which is empirically difficult to operationalize. We follow a common practice (Ayuso and Blanco, 2000; European Commission, 1999; Hartmann et al., 2003) of examining links between stock market returns that leaves asset pricing aside. Strictly speaking, our results for the stock market should be interpreted as evidence of beta-and sigma-convergence of returns rather than integration as we are unable to distinguish whether there is an underlying process of financial integration, whether financial shocks become stronger, or whether risk premia change. Even with this caveat, assessment of stock market convergence in returns (synchronization) provides valuable, new evidence on the interdependencies among the economies discussed.
The concept of beta-convergence
Beta-convergence enables identification of the speed at which differences in returns are eliminated on individual stock markets (selected against a benchmark). A negative beta coefficient indicates the existence of convergence. The closer the value of the beta coefficient is to -1, the higher the speed of convergence. To quantify beta-convergence, the following regression is estimated:
where
represents the difference between the stock market return of country (or sector) i and the selected reference territory (a benchmark, B) at time t, Δ is the difference operator, α is the constant term, l is the lag length and ε t is the white-noise disturbance. The stock market return Y t is calculated as period-to-period growth rate of the underly- , where SE t denotes the stock exchange index at week t taken in USD equivalent to account for nominal exchange rate changes. The lag length l is based upon the Schwarz information criterion; the maximum lag length L is taken as four as we are using weekly data and the memory of stock markets is short.
The size of coefficient β is a direct measure of the speed of convergence. A negative beta coefficient indicates the occurrence of convergence. The β coefficient can take values ranging from -2 to 0. The closer the β coefficient to -1, the faster the rate of convergence. If β = 0 or β = -2, no convergence is observed. β values from -1 to 0 indicate monotonous convergence, while oscillating convergence occurs for β values from -2 to -1.
The concept of sigma-convergence
Sigma-convergence focuses on the cross-sectional dispersion of returns on individual stock markets at a given moment of time. It thus identifies the degree of integration vis-à-vis the benchmark country achieved at that moment among the selected national (or sectoral) markets. Sigma-convergence increases as the sigma parameter falls to zero. If the crosssectional dispersion converges to zero, full integration is achieved. To quantify sigmaconvergence, a calculation is used of the (cross-section) standard deviation (σ), according to the formula:
where Y it is the stock market return i at time t, and t Y is the cross-section mean value of the return at time t, and i stand for the individual countries or sectors (i = 1, 2, …, N). For the purposes of this analysis, we use N = 2, i.e. we examine, at the national level or by sector, the evolution of sigma-convergence over time between our benchmark countries (the 2 1 1 log( ) log( )
US, euro area, and Japan) and China or Russia. 2 By definition, σ takes only positive values. The lower the σ value, the higher the level of convergence. In theory, full integration is achieved when the standard deviation falls to zero, while high (several digit) σ values reflect a very low degrees of integration. For graphical illustration, the results are normalized over the full time period and filtered using a Hodrick-Prescott filter with the recommended weekly time series coefficient λ = 270 400.
Note that the two convergence indicators contain different information: betaconvergence does not imply sigma-convergence. There could be cases of beta-convergence along with sigma-divergence, of course. 3 However, the essential idea here is that both aspects of convergence need to be assessed to make an inference about stock market integration. Beta-and sigma-convergence are estimated for the China and Russia on the national and sectoral level, in comparison with the three benchmark territories.
Empirical results
In this section, we examine whether, and how quickly, the national (and sectoral) stock Beta-convergence Table 3 shows the beta-convergence analysis results for the national stock markets. Equation (1) was estimated by OLS with robust standard errors. All beta-coefficients are negative and significant; hence there is convergence of stock market returns between China, Russia and the corresponding benchmarks. The values of the β coefficient are close to minus one, which means that the leveling of newly arising differences in stock market returns between the relevant national economy and the reference country can be labeled as fast.
Indeed, the shock half-life, defined as the period during which the magnitude of a shock to the return differential between two countries becomes half of the initial shock, is between about one to two days, as indicated in the shaded areas in Table 3 . 4 A comparison of the sub-periods 1995-1998, 1999-2006 and 2007-2010 suggests no clear systematic pattern in the rate at which shocks to return differentials dissipate. Note: Estimations of equation (1) on weekly data. Half-lives of shocks (number of days) in shaded areas. All beta coefficients are statistically significant at the 5% level. Beta coefficient equaling -1 corresponds to full convergence. The half-life (H-L) of a shock to the return differential between two countries is a period during which the shock declines to one half of its initial value. Lower H-L values correspond to faster beta-convergence. Source: Authors' calculations based on Thomson Reuters data. Similarly, on the sectoral level (Table 4 in Appendix 1), the beta coefficients are close to minus one for most sectors; the corresponding shock half-lives vary between one and three days, and there are cases of both rising and declining half-lives over time that lack any clear systematic pattern. However, the sectoral dimension brings more variety into the results. In the case of China, the slowest speed of convergence in the return differential is observed for the sectors Electricity and Utilities (both with respect to the US) during the 2007-2010 period. The corresponding half-life of shocks is six days. For Russia, there are two sectors characterized by the slowest convergence (both in the 1995-1998 period):
Automobiles (15.9 days, vis-à-vis Japan) and Telecom (15.4 days vis-à-vis the United
States and 11.6 days vis-à-vis the euro area).
A finding of beta-convergence on national and sectoral levels suggests that Chinese and Russian stock markets can hardly be labeled as "isolated." Indeed, the shock halflife, typically much less than a week, means that there could not be persistent differences in returns among the stock markets of these two countries or with respect to the three global benchmarks. This finding is broadly in line with evidence on beta-convergence of stock markets at the national level for China and other Asian economies (Rizavi et al., 2011) and among European countries (Babecký et al., 2010 (Babecký et al., , 2011 . Studies of betaconvergence on the sectoral level also find higher heterogeneity of outcomes, among e.g.
West European countries (Erdogan, 2009 ) and New EU Member States (Babetskii et al., 2007) . Note that a finding of beta-convergence is generally not granted for any type of financial markets. For example, regarding real estate markets, Srivatsa and Lee (2010) 
Sigma-convergence
For each period of the sample, cross-section standard deviation (σ) was calculated according to formula (2) Sigma-convergence occurs if the cross-section deviation declines over time. We make four observation about Figure 8 , which presents the sigma-convergence analysis for the Chinese and Russian national stock markets. that were affected to a comparable degree by both crises (e.g. Airlines and Automobiles).
The impact of the 2008 crisis on dispersion was also much milder compared to the 1998 crisis for several sectors in Russia (e.g. Banks, Financials, and Telecom).
Second, the magnitude of the dispersion varies substantially across sectors. Overall, the most integrated sectors (i.e. lowest dispersion) appear to be Software for China, and
Oil & Gas and Telecom for both China and Russia). An interesting sector-specific example is the Automobiles in the case of Russia (Figure 10 ). During the 2008 crisis, the lowest dispersion of sectoral returns was observed between Russian and Chinese markets (1.15), followed by the pairs Russia-US (1.29), Russia-euro area (1.37) and Russia-Japan (1.54).
Arguably a strong decline in stock markets indices in the automobile industry in both China ( Figure 4 ) and Russia ( Figure 5 ) contributed to the observed synchronicity in stock market returns between these two countries. Our finding of sigma-convergence between Russian and Chinese stock markets, as well as with respect to the stock markets of the US, euro area, and Japan in 1995-2010 corroborates with the similar conclusion of sigma-convergence among the stock markets of selected EU member states with respect to the US and euro area over the comparable period (Babecký et al., 2010 (Babecký et al., , 2011 . There is recent evidence for China of sigma-convergence among China and other Asian stock markets in 1999-2009 (Rizavi et al., 2011) . This result, however, is sensitive to sample length. In fact, the Asian stock markets are character- Why do we observe sigma-convergence in stock market returns worldwide? Apparently globalization (and related deepening of economic and financial links) is a key factors for sigma-convergence of such distinct stock markets as those of China, Russia, the euro area, EU countries outside the euro area, the US, and Japan. Quantification of the determinants of global convergence of stock market returns could be a prospective avenue for future research.
The evidence of sigma-convergence, on the one hand, means decreasing opportunities for risk diversification. On the other hand, as our results suggest, there is still a room for risk sharing in the short-to medium-term horizon, when sigma-divergence could hap- 
Conclusions
In this paper, we investigated financial integration of stock markets of China and Russia in comparison with the United States, the euro area, and Japan at both national and sectoral levels from September 1995 to October 2010 using weekly averages of daily indices. We tested for an existence and analyzed the dynamics of stock market integration based on a price-based approach. Our measures of financial integration were built upon the two complementary concepts: beta-convergence (measuring the rate at which differences in returns are eliminated between the selected stock markets) and sigma-convergence (measuring cross-sectional dispersion of return differentials at a given moment).
We find evidence of beta-convergence of stock market return differentials between China and Russia, as well as with respect to the US, euro area, and Japan. Convergence is observed at both national and sectoral levels. Beta-convergence means that return differentials are not persistent. That is, stock market returns in China or Russia cannot permanently deviate from the returns in other analyzed countries. The results of betaconvergence could be alternatively formulated in more intuitive terms of shock half-lives.
Our results imply that stock market shocks, which are represented by deviations of returns vis-à-vis benchmark countries, dissipate with a half-life of about one to three days.
We do not find a systematic effect of the 2008/2009 crisis on beta-convergence nor clear sectoral patterns. The rate at which shocks dissipate can be labeled as fast, both between China and Russia and with respect to our global benchmarks. This suggests that stock markets offer limited arbitrage possibilities, contrary to, for example, real estate markets where beta-divergence of rents and yields is not uncommon (Srivatsa and Lee, 2010 ).
Contrary to beta-convergence, sigma-convergence clearly changes over time and the effects of the recent (and past) financial crises are well tracked. We find overall evidence of sigma-convergence in 1995-2010 at both national and sectoral levels. However, the assessment of sigma-convergence critically depends on the period analyzed. Sigma-convergence exhibits strong sector-specific patterns. At the sectoral level in particular, the difference in sigma-convergence becomes pronounced during crisis episodes, suggesting potential for diversification of risk across sectors.
The answer to the question of whether Chinese and Russian stock markets become more integrated among themselves or with respect to the global benchmarks ultimately depends on the assessment of sigma-convergence and, thus, the period considered. This is because in terms of beta-convergence, we do not find any systematic differences. Shocks to return differentials dissipate rapidly, with half-lives less than a week. The assessment of overall convergence is therefore driven by the sigma-convergence results.
In terms of sigma-convergence, we find that the Chinese stock market is more in- For some sectors, (e.g. Automobiles after 2008), the highest degree of sigma-convergence is observed between the Russian and Chinese stock markets, followed by such pairs as Russia-Japan, Russia-euro area and Russia-US, which stresses the role of sector-specific factors. It can be also that the low trading volumes in many sectors in the Russian stock markets may lead to spurious correlations for some sectors.
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Returning to the comparison of our results with findings from the literature discussed at the end of the previous section, one salient fact emerges: a global convergence in stock market returns over the past decades measured in terms of beta-and sigmaconvergence. A finding of convergence among stock markets of Asian economies, EU countries, the US, China and Russia suggests the presence of common global factors.
One should also keep in mind the limitations of the considered price-based measures of financial integration. Such price-based measures, present the results in terms of stock market convergence (or synchronicity) which only characterize an upper bound of the underlying financial integration. It remains a challenge for future research to understand whether the finding of stock market convergence is driven by (1) effects of global shocks (whose incidence for the national economies becomes stronger in the globalized world), (2) changes in asset pricing (which is empirically difficult to operationalize), or (3) changes in country (sector) risk premia. 5 We thank Laura Solanko for this suggestion. 
